hydrophobic region, and is involved in the formation of transmembrane pores in membrane. 6) Our previous site-directed mutagenesis study, in which various 2 residues throughout domain 3 were mutated to alanine residues, 7) identified 3 some residues closely associated with the hemolytic action of CEL-III. Among 4 them, Lys405 was one of the most conspicuous because its mutation to alanine 5 led to a drastic increase in hemolytic activity. The mutant protein (K405A) 6 showed a 360-fold increase in hemolytic activity, compared to wild-type (WT) 
10
Mutations were introduced into the gene encoding CEL-III with a
11
QuikChange site-directed mutagenesis kit (Agilent, Santa Clara, CA), using 12 primers (33 nucleotides) and the CEL-III cDNA (DDBJ database accession were isolated in inclusion bodies following disruption of the cells by sonication.
21
The inclusion bodies were solubilized in 'solubilization buffer' (0.2 M NaCl, 1 22 mM ethylenediamine tetraacetic acid, 6 M guanidine hydrochloride, 50 mM 
5
Since the mutant K405A showed a remarkable increase in hemolytic 6 activity in our previous study, 7) several mutant proteins were prepared with 7 different amino acid residues, (Ala, Ser, Glu, Arg, and Leu) at position 405 8 (K405A, K405S, K405E, K405R, and K405L, respectively), and their activity 9 was examined. Among them, we were unable to refold K405L into a soluble Moderate destabilization in domain 3 arising from K405A and K405S 24 mutations appears likely to be the basis for the enhanced hemolytic action.
25
We also examined the effect of substitutions of Asp371, the counterpart 26 residue in the ionic bond with Lys405. As shown in Fig. 2B , all the Asp371 subunits in heptameric CEL-III (Fig. 3B) , the Asp371 side-chain forms a 5 hydrogen bond with the Gln300 side-chain in the adjacent subunit, in addition 6 to an ionic bond with Lys405. This suggests that the mutations of Asp371 led 7 not only to the disruption of the ionic bond with Lys405, but also to interactions 8 with a neighboring subunit required for heptamerization. As seen in Figure 3B , 9 there are three other residues (Asn369, Asp373, and Arg378) involved in 10 interactions between adjacent subunits in that vicinity. This region is assumed 11 to be particularly important during the early stage of heptamerization; it forms a 12 prepore ring on the cell membrane, which then triggers extension of the (Fig. 3A) . Taking these facts in to account, it seems reasonable 18 to infer that the mutation of Asp371, which is expected to weaken the 19 interaction between neighboring subunits, may significantly reduce the 20 heptamerization efficiency needed for hemolytic action.
21
In contrast to the current results, a slightly higher activity of the D371A 22 mutant compared with that of the WT was observed in our previous 23 experiment. 7) Although the exact reason for this discrepancy is uncertain, it 24 might be due to subtle differences in the folded states of the recombinant 
20
The regions around Lys405 of (A) monomeric and, (B) heptameric forms of 
